Purpose Both tibial and femoral osteotomies have been used for the treatment of knee osteoarthritis (OA). Due to the clinical success of total knee arthroplasty (TKA) the current role and incidence of osteotomies remains unknown. The aim of this population-based study was to assess the incidence of osteotomies and compare it with that of knee arthroplasties. Methods From the Finnish National Hospital Discharge Register, we identified all patients, aged 18 years or more, who had undergone osteotomy for the treatment of knee OA between 1987 and 2008. The number of arthroplasties was extracted from the Arthroplasty Register. Results A total of 6,004 osteotomies were performed for 5,734 patients. The average osteotomy incidence has steadily decreased by 6.2%, and TKA incidence has increased by 9.8% annually. However, in patients aged less than 50 years the osteotomy incidence has increased by 1.4% annually. The decline of osteotomy incidence has been steeper in females than in males (9.0% vs. 3.6%), and during the last decade osteotomies were more commonly performed in male patients.
Introduction
Over the last three decades, both tibial and femoral osteotomies have been widely used for the treatment of osteoarthritis (OA) isolated to a single compartment of the knee. Over the past decade, the incidence of osteotomies has decreased because of the clinical success of total knee arthroplasty (TKA) [1] . Furthermore, at the same time, the number of unicondylar knee arthroplasties (UKA) has grown [2] , which may also have contributed to the decreased number of osteotomies performed. However, symptomatic and radiographically mild to moderate knee OA in young and active patients is still commonly regarded as an indication for high tibial osteotomy [3] [4] [5] .
Based on a review of the world medical literature, there are a limited number of studies concerning the incidence of tibial osteotomies in the treatment of knee OA. Wright et al. reported in their epidemiological analysis of tibial osteotomies in the United States and Canada between 1985 and 1990 that rates of tibial osteotomies are decreasing, particularly among elderly patients [6] . W-Dahl et al. reported in their study of surgery for knee osteoarthritis in younger patients that the number of high tibial osteotomies has halved between 1998 and 2007 in patients less than 55 years of age in Sweden [7] .
The purpose of this registry-based study was to assess the incidence of osteotomies around the knee for OA performed in Finland between 1987 and 2008, and to compare it to that of knee arthroplasties performed over the same time period.
Patients and methods
The Finnish National Hospital Discharge Register (NHDR) lists all diagnoses resulting in hospitalisation and surgical procedures performed in Finland. Based on data recorded in the NHDR, we identified all patients aged 18 years or more who had undergone either tibial or femoral osteotomy for the treatment of symptomatic knee OA between 1987 and 2008. We used the International Classification of Diseases, 9th and 10th edition (ICD-9 and ICD-10), diagnosis codes used for primary, secondary, and posttraumatic knee OA, and surgical codes for femoral and tibial osteotomies, in our data extraction. All other indications for osteotomy than knee OA were excluded from the study. Numbers of TKA and UKA performed were extracted from the Finnish Arthroplasty Register, and the number of eligible patients of 18 years of age or older was obtained from Statistics Finland, both over the same time period.
The incidence of osteotomies and arthroplasties was calculated as the number of hospitalisations per 100,000 patients. Incidence was separately calculated for each study year, and was also analysed for both genders and for six different age groups (18-29, 30-39, 40-49, 50-59, 60-69, and ≥70). The incidence rate ratio (IRR) was calculated for annual increase/decrease, and this was used to compare the effect of the group (gender and age under 50 vs. 50 or over years) on incidence. The increase in IRR is presented as a percentage (e.g., IRR0 0.938 is shown as a 6.2% decrease) with a 95% confidence interval (95%CI). SPSS version 18.0 and STATA version 11.0 were used for analyses.
Results
A total of 6,004 osteotomies were performed for 5,734 patients between 1987 and 2008 in Finland. Approximately half (n03,032, 50.5%) of the operations were performed for female patients. The mean age of the patients was 54 (range, 18-86) years at the time of the operation. The most common indication for osteotomy was primary OA, accounting for 90.2% of cases (n05,414), followed by secondary OA (341 cases; 5.7%), post-traumatic OA (212 cases; 3.5%) and undefined OA (34 cases; 0.6%). The operation site was tibial in 2,207 (36.8%) cases and femoral in 121 (2.0%) cases. In 3,676 (61.2%) cases, it was unknown whether the operation site was tibial or femoral.
Between 1987 and 2008, the incidence of osteotomies has steadily decreased, on average by 6.2% annually. While the annual incidence of these procedures has markedly declined in both sexes, the decline has been significantly steeper in female patients (9.0% vs. 3.6%, IRR0 5.9%, 95%CI 5.0-6.8%, P<0.001) (Fig. 1) . At the same time, the incidence of TKA has increased annually by 9.8% on average. The incidence of TKA has increased significantly more in male than in female patients, by 12.4% and 8.9%, respectively (IRR03.3%, 95%CI 3.0-3.5, P<0.001) (Fig. 2) .
The most prominent decrease in the incidence of osteotomies has taken place among older patients, i.e., patients aged more than 50 years (Fig. 3) . In these patients, the incidence of osteotomies has declined annually by 10.3% Fig. 2 The incidence of total knee arthroplasty for the treatment of knee OA on average, while the average annual incidence of TKAs has increased by 8.8%. However, in patients aged less than 50 years, the incidence of both osteotomy and TKA has increased (Fig. 3 ) by 1.4% and 8.8%, respectively (Figs. 3  and 4) . The annual decrease in the incidence of osteotomies was significantly higher in the older age group (IRR 0 11.5%, 95%CI 10.7-12.2%, P<0.001), but there was no difference in the incidence of TKA (IRR00.0%, 95%CI −0.6 to 0.6%, P≥0.9). The number of UKAs performed increased sharply after introduction of the Oxford unicompartmental knee arthroplasty, phase 3 (Biomet, Inc., Warsaw, IN, USA), in 1998. The number of operations was highest in 2006 (n0514), and during recent years the number of operations has been steady or slightly decreasing (Figs. 5 and 6 ). In the year 2002 the incidences of UKAs and osteotomies were equal, and after that UKAs have been performed more than osteotomies.
Discussion
The overall incidence of osteotomies around the knee performed for treatment of symptomatic knee OA has steadily decreased over the last two decades. This decline has occurred in both female and male patients; however, the incidence has slightly increased for patients under 50 years. The reason behind the declining osteotomy figures may very well be the improved outcome of TKA in all patient groups during the last two decades. Additionally, UKAs have been performed in patients with less severe arthritis [8] , which may have decreased the number of osteotomies performed.
In female patients, the decline in incidence has been steeper than that for male patients. Furthermore, during the last decade osteotomies were more commonly performed in male patients than in female patients. This must be The incidence of unicompartmental knee arthroplasty by age groups for the treatment of knee OA considered controversial, as it has been shown that knee OA is more common among the female population, with female patients generally suffering worse symptoms and greater disability than male patients [9] . This is supported by the fact that TKAs and UKAs are more commonly performed in female patients. Despite the fact that the overall incidence of osteotomies has decreased, it has, however, slightly increased in patients aged less than 50 years. This suggests that TKA has not totally replaced osteotomy in young and active patients, especially in males. Based on our findings, it is clear that the current role of osteotomies is minor in treatment of patients with knee OA aged more than 60 years.
There are some potential limitations to our study. For example, in almost half of cases we could not reliably identify the site of the osteotomy, i.e., whether it was performed on the tibia or the femur. We have made the assumption that most of these cases were high tibial osteotomies, which have historically been far more commonly used than femoral osteotomy. The strength of this study is our long-term population-based data, and also the fact that it combines data from two separate registries, which increases the reliability of our findings. The reliability of NHDR for reporting surgical operations has previously been reported to be high [10] .
The incidence of osteotomies performed for treatment of knee OA has steadily decreased in Finland during the last two decades. The decline has been especially steep in the number of such procedures performed in female patients. However, the incidence of osteotomies has slightly increased in patients aged less than 50 years. As the reason for this phenomenon remains unclear, further studies are needed. In conclusion, it seems that the current role of osteotomies in treatment of knee OA is rather limited, as it is being used mainly in younger male patients.
